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Root rot is a serious disease problem facing the citrus
industry in South Africa. Pythiaceous fungi, especially
Phytophthora spp., are well known causal agents of root
diseases in citrus orchards and nurseries. In contrast,
little is known regarding the role played by Pythium spp.
in the development of citrus root rot. This is despite
their abundance in the rhizosphere of diseased citrus
trees. In this study, we isolated and identified a large
collection of Phytophthora and Pythium spp. obtained
from diseased citrus trees as well as from rhizosphere
soil. Pathogenicity was tested using a rapid screening
technique. A subset of the most pathogenic
Phytophthora and weakly pathogenic Pythium isolates
were further inoculated into commercial citrus root-
stocks, Rough Lemon and Troyer Citrange. All
Phytophthora isolates were found to be pathogenic on
citrus fruit and rootstocks. Significant differences in
pathogenicity were, however, found amongst the differ-
ent Phytophthora isolates tested. Pythium spp. were
found to be either avirulent or only weakly pathogenic.
Results obtained indicate that Pythium spp. are not seri-
ous pathogens of citrus and probably do not play a sig-
nificant role in the development of citrus root rot.
The citrus industry in South Africa is an important fruit pro-
ducer, both locally and internationally (Mconie 1991). Root
rot is a serious disease problem in the citrus industry and is
responsible for substantial yield reduction, especially in old
orchards (Le Roux et al. 1998). This disease occurs in all cit-
rus growing regions of South Africa and the symptoms are
often complex, since more than one soil-borne pathogen is
reported to be involved (Kotzé 1984).
Pythiaceous fungi, especially Phytophthora spp., are
amongst the best known soil-borne pathogens associated
with the citrus root rot complex (Fatemi 1972, Timmer and
Menge 1988). In nurseries, Phytophthora spp. are causal
agents of damping-off, crown and root rot of citrus seedlings
(Klotz 1978). In orchards, Phytophthora spp. are also
responsible for brown rot of fruit (Feld et al. 1979, Brown and
Eckert 1988), collar and fibrous root rot (Timmer and Menge
1988).
The role played by Pythium spp. in the citrus root rot com-
plex is not clearly defined. This is despite reports of their
occurrence as amongst the most common fungi from South
African citrus orchards (Thompson et al. 1995) and nurs-
eries (Wehner et al. 1986). Pythium spp. are seldom impli-
cated as causal agents of damping-off in citrus nurseries
(Dewolfe et al. 1954, Whiteside 1988). In some poor orchard
sites, root rot is often associated with high population densi-
ties of Pythium spp., in the apparent absence of
Phytophthora spp. and nematodes (Tsao et al. 1978,
Thompson et al. 1995). It is, therefore, apparent that
Pythium spp. could play a role in the development of citrus
root rot. In this study, we considered the role and signifi-
cance of Phytophthora and Pythium spp. associated with the
root disease complex of citrus trees in South Africa.
Materials and Methods
Sampling
Soil from the rhizosphere of diseased citrus trees was col-
lected from orchards and nurseries in the Limpopo and
Mpumalanga Provinces of South Africa from October 1996
to February 1997. Identification of diseased trees was
achieved by seeking irregular growth patterns of declining
trees in orchards. The number of samples collected varied at
each site depending on the number of infected trees. At sites
where trees showed collar rot symptoms, the bark was care-
fully removed for isolation, and soil from the rhizosphere of
these trees was also sampled. The soil was collected to a
depth of 3–5cm under the canopy. Samples were stored in
plastic bags, sealed and isolations were performed within
24h.
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Direct plating on selective media
In this study, methods recommended by Zitko et al. (1987)
for collecting samples for disease analysis from citrus nurs-
eries and orchards were used. Diseased plant tissue and
roots were plated on modified selective media, PARP and
PARPH (Tsao and Ocana 1969). Small agar blocks contain-
ing hyphae were sub-cultured on Corn Meal Agar (Difco
CMA, 17gl-1). Pure cultures were transferred to Potato
Dextrose Agar (Difco PDA, 24gl-1) and incubated at 20°C.
Cultures were stored and maintained in sterilised distilled
water (Boesewinkel 1976).
Isolation of Phytophthora and Pythium spp. from the soil
Each sample of approximately 850g was halved and placed
in two 350ml sytrofoam containers. The soil was saturated
with water and baited with citrus leaf pieces (Grimm and
Alexander 1973). The containers were incubated at room
temperature for three days, in the dark. Leaf pieces were har-
vested and plated on selective media and incubated for three
days in the dark. Small blocks of agar taken from the edges
of growing colonies were aseptically transferred to CMA and
PDA for growth and identification. Plates were incubated at
20°C for two days for Pythium spp. and four days for
Phytophthora spp., and colony characteristics were recorded
to aid identification of isolates. Sporulation was induced by
adding Petri’s solution to the cultures (Ribeiro 1978).
Morphology and identification of species
Identification of isolates was achieved using taxonomic keys
for Phytophthora (Stamps et al. 1990, Ho et al. 1995) and
Pythium (Van der Plaats-Niterink 1981, Dick 1990). The
identification was based on morphological characteristics of
each Phytophthora and Pythium isolate collected. Sexual
and asexual structures, which formed on the agar plates,
were measured and means calculated for between 15–20
structures of each diagnostic character. 
Fruit assay
A total of 320 Phytophthora and Pythium spp. isolated from
the rhizosphere soil and from diseased citrus trees were
screened for their relative pathogenicity. Pathogenicity tests
were conducted on citrus fruit using a method modified from
that of Wager (1942). The rinds of Navel oranges were
wounded using a 9mm cork borer and artificially inoculated
with mycelium-covered agar plug. Wounds were sealed with
parafilm and the fruit were incubated at 25°C for four days.
Three fruit were inoculated with each test isolate. Control
inoculations were made with sterile agar. The area of dis-
colouration (mm2) on the rind surface was used to evaluate
the relative pathogenicity of each isolate.
Pathogenicity tests on citrus rootstocks
Seedlings of commercial rootstocks, Rough Lemon (Citrus
jambhiri Lush.) and Troyer Citrange (Poncirus trifoliate L.)
Raf. x Citrus sinensis (L.) Osbeck), were grown for 12
months in composted bark medium. Seedlings were kept in
a shade house until they developed stems of between
5–7mm in diameter. Two weeks prior to the commencement
of the experiment, seedlings were moved into a greenhouse
to acclimatise.
Four Phytophthora and 16 Pythium isolates were inoculat-
ed on Rough Lemon and Troyer Citrange rootstocks. The
most and least pathogenic Phytophthora and Pythium iso-
lates determined using the fruit assay, were used for inocu-
lation. The inoculum was prepared by growing each isolate
on PDA for five days at 20°C. Inoculations were conducted
by removing the bark from stems of seedlings using a ster-
ilised 4mm cork-borer. Mycelium-covered agar plugs (4mm
diameter) were attached to the wounds and sealed with
parafilm using a modification of the technique of Afek et al.
(1990). Control trees were inoculated with sterile agar plugs.
Trees were kept in a greenhouse and lesion lengths were
measured after three weeks. The day and night tempera-
tures in the greenhouse ranged between 20°C and 28°C.
Ten seedlings of each citrus rootstock were inoculated
with one of the selected Phytophthora and Pythium isolates.
Seedlings of the two rootstocks were arranged in a com-
pletely randomised block and two replicate trials were con-
ducted separately for each rootstock. Pathogenicity of the
isolates was evaluated by measuring the lesion lengths on
the wounded stem tissue. The mean lesion lengths of the
inoculated trees were computed and analysed statistically.
Results were compared within and between the two root-
stocks. Results from the fruit assay and rootstock inoculation
were also compared.
Results
Sampling
A total of 320 Phytophthora and Pythium isolates were
recovered from soil and diseased plant material (Table 1).
One hundred and nineteen isolates were Phytophthora spp.
and the remaining 201 Pythium spp. Two Phytophthora and
eight Pythium species were recovered from plant material as
well as from the rhizosphere soil. Phytophthora nicotianae
Breda de Haan and Pythium irregulare Buisman were the
most frequently isolated species.
Table 1: Pathogenicity of Phytophthora and Pythium isolates fol-
lowing inoculation into oranges
Fungus Source No. of  Mean diseased
isolates surface 
screened area (mm2) 
Phytophthora nicotianae r, rz 103 123
Phytophthora citrophthora r, rz 16 231
Pythium irregulare r, rz 108 13
Pythium aphanidermatum r, rz 9 10
Pythium paroecandrum rz 12 12
Pythium vexans rz 16 0
Pythium rostratum rz 18 0
Pythium ultimum r, rz 15 11
Pythium group G & F rz 23 0
r = directly isolated from diseased roots; rz = rhizosphere soil
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A total of 103 P. nicotianae and 16 P. citrophthora (Smith
and Smith) Leonian isolates were successfully recovered
from rhizosphere soil and diseased plant material. P. nico-
tianae was isolated more frequently than P. citrophthora and
the former species was also more prevalent in orchards than
in nurseries. All P. citrophthora isolates were recovered from
plant material and rhizosphere soil from orchards, but the
fungus was not recovered from nursery samples.
Pythium spp. were isolated more frequently than
Phyophthora spp. and were recovered largely from dis-
eased roots. Species isolated include P. irregulare, P.
aphanidermatum (Edson) Fitzp, P. paroecandrum Hesse, P.
rostratum Butler, P. ultimum Trow and P. vexans de Bary. A
number of heterothallic isolates without oogonia could not
be fully identified, since their identification had to be verified
using their mating partners. These were grouped together
in either the Pythium G-Group or Pythium F-group complex
(Van der Plaats-Niterink, 1981). Pythium irregulare was the
most commonly isolated species in orchards and nurseries.
Fruit assay
Symptoms developed within three days after inoculation of
the fruit and lesions spread rapidly on the rind surfaces. The
inoculated fruit initially showed a dull grey discolouration that
gradually turned brown. White mycelial strands later formed
on the rind surface (Figure 1).
Phytophthora isolates displayed varying levels of patho-
genicity on the citrus fruit. The isolates were grouped into
three categories and ranked according their level of patho-
genicity (Figure 2). Significant differences (F = 7.18,
P<0.005) in pathogenicity among the various P. nicotianae
isolates were found. Phytophthora citrophthora isolates also
had varying degrees of pathogenicity on citrus fruit and were
found to be more pathogenic on citrus fruit than P. nicotianae.
The majority of the Pythium spp. were screened with
either avirulent or only weakly pathogenic (Table 1). Isolates
of P. irregulare, P. aphanidermatum, P. paroecandrum and P.
ultimum produced small brown necrotic lesions on the
wounded rind surface (Figure 1). Lesions were slightly dif-
ferent from those associated with Phytophthora spp. The
lesions did not spread rapidly and were restricted to the
wounded rind surface. In most fruit, the mycelial growth was
also completely restricted to the rind surface.
Pathogenicity on citrus rootstocks
Phytophthora nicotianae and P. citrophthora isolates were
found to be pathogenic on Rough Lemon and Troyer
Citrange rootstocks (Figure 3). P. citrophthora isolates were
more pathogenic than P. nicotianae isolates. The inoculated
rootstocks showed typical collar rot symptoms. Gum exuda-
tion was observed within four days after inoculation (Figure
4). However, there was variation in virulence among the
Phytophthora isolates screened on both rootstocks. No sig-
nificant differences in susceptibility were found between the
Rough Lemon and Troyer Citrange rootstocks. Results
obtained from the first trial correlated well with the second
trial for both rootstocks.
No gum exudation was observed in the seedlings inocu-
lated with Pythium spp. Lesions were superficial and did not
expand readily as found with Phytophthora inoculations. In
most seedlings, lesion development was totally overcome by
callus formation around the wounded stem tissue. Only
three of sixteen Pythium spp. screened were weakly patho-
genic on the citrus rootstocks (Figure 3a). Pythium irregu-
lare, P. ultimum and P. paroecandrum isolates produced
superficial lesions on the wounded stems of citrus root-
stocks. No significant differences in pathogenicity were
found between these Pythium isolates on either rootstocks.
Discussion
Results obtained in this study indicate that Pythium spp.
occur in abundance in the rhizosphere of diseased citrus
trees. Pythium spp. were also recovered more frequently
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Figure 1: Results obtained following artificial inoculation of citrus
fruit with different Phytophthora and Pythium isolates. 1 Control, 2
and 5 Phytophthora citrophthora and Phytophthora nicotianae
respectively, 3 and 4 Pythium irregulare and P. ultimum, respectively
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Figure 2: Results of the fruit inoculations with Phytophthora iso-
lates. Bars with standard error represent means of lesions lengths
produced on the rind surface. Isolates were grouped from least to
the most pathogenic isolates
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than Phytophthora spp. from the rhizosphere soil. Despite
the abundance of Pythium spp. in the rhizosphere of declin-
ing citrus trees, little attention has been paid to their role in
citrus decline.
Phytophthora nicotianae was the most frequently isolated
Phytophthora species and was recovered from both nurs-
eries and orchards sampled. The isolates were recovered
from the rhizosphere soil and infected rootlets. The domi-
nance of P. nicotianae observed in this study is consistent
with previous reports from South Africa (Wehner et al. 1986,
Thompson et al. 1995). Phytophthora nicotianae has also
been reported to be a dominant species in citrus nurseries
and orchards in Florida (Zitko et al. 1987, Timmer et al.
1998) and in several citrus growing countries (Erwin and
Ribeiro 1996). 
The successful recovery of P. citrophthora from orchards
has great significance to the South African citrus industry,
since it has been presumed to be absent from these sites in
the past (Wehner et al. 1986, Thompson et al. 1995).
Phytophthora citrophthora was last reported present from
the Limpopo Province in 1925 by Doidge. However, there
have been unpublished reports on the occurrence of P. cit-
rophthora in the Western Cape Province of South Africa (H
le Roux, pers. comm.).
The low occurrence of P. citrophthora from the sampled
regions indicates that it is rare and this may be attributed to
the climate. The orchard and nurseries surveyed are situat-
ed in subtropical regions of South Africa. The climatic condi-
tions in these areas are ideal for the growth of P. nicotianae
since it is reported to withstand high temperatures (Stamps
et al. 1990). The adaptation of P. nicotianae to high temper-
atures could possibly explain its abundance in the sampled
areas.
Results of this study indicate that several Pythium spp.
occur in South African orchards and nurseries. Pythium
irregulare was the most commonly isolated species. This
observation confirms results obtained in previously conduct-
ed surveys (Wehner et al. 1986, Thompson et al. 1995).
However, the role played by P. irregulare in the root rot of cit-
rus remains unknown and deserves careful study.
The fruit inoculation technique used in this study was
found to provide a rapid method for screening Phytophthora
and Pythium isolates for pathogenicity. The high moisture
content in fruit plus the incubation temperature was ideal for
growth of Phytophthora and Pythium spp. This technique
works particularly well for Phytophthora spp., since brown
rot symptoms are readily induced through artificial inocula-
tion. The technique is inexpensive, reliable and makes it
possible to screen large numbers of isolates with accuracy
under laboratory conditions.
A number of citrus rootstock-screening methods have
been reported. These methods include immersing intact
roots system in a concentrated zoospore suspension (Tsao
and Garber 1960, Carpenter and Furr 1962, Cameron et al.
1972, Widmer et al. 1998) or artificially inserting the inocu-
Figure 4: Comparison between Troyer Citrange (RTC) and Rough
Lemon (RL) rootstocks after inoculation with isolates of
Phytophthora and Pythium spp. P.c = P. citrophthora, P.n = P. nico-
tianae, P.irr = Pythium irregulare and P.ult = P. ultimum
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Figure 3: Results obtained following artificial inoculation of Rough
Lemon (RL) rootstock with different Phytophthora and Pythium iso-
lates after three weeks: A. Stems of Rough Lemon with and without
the bark removed. The arrow shows discoloured lesions: B. Varying
lesions produced by Phytophthora and Pythium isolates.1 Pythium
irregulare lesion. 2 and 3 Phytophthora citrophthora lesion. 4
Phytophthora nicotianae lesion
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lum (hyphae, sporangia, and zoospores) on wounded stem
tissue (Grimm and Hutchison 1973, Smith et al. 1987, Afek
et al. 1990). In this study, rootstocks were used to determine
the pathogenicity of Phytophthora and Pythium spp., and to
compare the response of these rootstocks to artificial inocu-
lation with the fungi. Methods with similar objectives have
been reported for apples (Borecki and Millikan 1969, Jeffers
et al. 1982) and avocado (Dolan and Coffey 1986). The
results obtained from rootstock inoculation were consistent
with those of fruit screening and appear to accurately reflect
relative pathogenicity in the fungi in question.
Phytophthora nicotianae and P. citrophthora isolates were
pathogenic on Rough Lemon as well as Troyer Citrange
rootstocks. Variation in pathogenicity amongst the different
Phytophthora isolates was observed. Phytophthora citroph-
thora isolates were more pathogenic than P. nicotianae iso-
lates. This observation may imply that collar rot symptoms
could be more severe if caused by P. citrophthora. No sig-
nificant differences in susceptibility were found between the
two rootstocks. These results suggest that this technique is
more suitable in determining the virulence of different
Phytophthora isolates rather than as a rootstock screening
technique, since it is known that Rough Lemon is more sus-
ceptible than Troyer Citrange to Phytophthora root and col-
lar rot (Rabe and Von Broembsen 1991). 
Pythium isolates were either avirulent or only weakly path-
ogenic when inoculated into the fruit and on the citrus root-
stocks tested. Lesions produced by Pythium isolates were
largely superficial on fruit surface and failed induce gummo-
sis when inoculated on the two rootstocks. Results obtained
from this study indicate that although Pythium spp. occur in
abundance in the rhizosphere of diseased citrus trees, they
probably do not play a significant role in the development of
the citrus root rot. Thus, the relationship between the high
Pythium population in the rhizosphere of diseased citrus
trees and decline remains unclear. 
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